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(57) ABSTRACT 

A product discriminating device that includes a measuring 
section, a discriminating unit, a deemed standard deviation 
calculation unit, a re-discriminating unit, a rank estimated 
number calculation unit, and a standard deviation calculation 
unit. The standard deviation calculation unit changes vari 
ables of a probability distribution of a deemed standard devia 
tion Such that the number of products belonging to at least one 
of a predetermined plurality of ranks re-discriminated at least 
once and an estimated number of the products belonging to 
the rank in a rank estimated number calculation unit Substan 
tially match each other, and calculates the changed variables 
as a standard deviation of characteristic value variation of the 
products and a standard deviation of measurement value 
variation. 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 10 
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PRODUCT DISCRIMINATING DEVICE, 
PRODUCT DISCRIMINATING METHOD, AND 

COMPUTER PROGRAM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of International 
application No. PCT/JP2010/058324, filed May 18, 2010, 
which claims priority to Japanese Patent Application No. 
2009-129932, filed May 29, 2009, the entire contents of each 
of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to a product discriminating 
device, a product discriminating method, and a computer 
program for discriminating products. 

BACKGROUND OF THE INVENTION 

A product has a characteristic value, which indicates a 
predetermined characteristic and is measured before ship 
ment, and is discriminated as a non-defective article or a 
defective article depending on whether or not a predeter 
mined standard is satisfied. The product is discriminated by 
comparing the characteristic value of the product measured 
using a product discriminating device and an inspection stan 
dard, of which condition is stricter than a product standard 
(characteristic value required for the product). If the variation 
in the measured characteristic values of the products is only 
the variation in the characteristic values of the products them 
selves, whether the product is a non-defective article or a 
defective article can be correctly discriminated by the product 
discriminating device even if the inspection standard is 
defined in the same condition as the product standard. 

However, the variation in the measured characteristic val 
ues of the products includes not only the variation in the 
characteristic values of the products themselves, but also the 
variation in the measurement values of the measurement sys 
tem. Thus, the products discriminated as non-defective 
articles by the product discriminating device may include a 
defective article, or the products discriminated as defective 
articles may include a non-defective article. A probability a 
product, which is a defective article, is mistakenly determined 
as a non-defective article is called a consumer risk, and a 
probability a product, which is a non-defective article, is 
mistakenly determined as a defective article is called a pro 
ducer risk. 
A method of calculating the consumer risk and the pro 

ducer risk is disclosed in Non-Patent Documents 1 and 2. 
Non-Patent Document 1 discloses a method of calculating the 
consumer risk and the producer risk by a product discrimi 
nating device using the Monte Carlo method. Non-Patent 
Document 2 discloses a method of calculating the consumer 
risk and the producer risk assuming that the variation in the 
characteristic values and the variation in the measurement 
values have normal distributions using a double integral equa 
tion. 

Non-Patent Document 1: M. Dobbert, “Understanding 
Measurement Risk', NCSL International Workshop and 
Symposium, August 2007. 

Non-Patent Document 2: David Deaver, “Managing Cali 
bration Confidence in the Real World', NCSL International 
Workshop and Symposium, 1995. 

SUMMARY OF THE INVENTION 

The consumer risk and the producer risk can be calculated 
using the method disclosed in Non-Patent Document 1 or 2. 
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2 
However, the variation in the characteristic values of the 
products themselves, the variation in the measurement values 
of the measurement system, and the like cannot be calculated 
even by using the method disclosed in Non-Patent Document 
1 or 2. 
A method of evaluating uncertainty, a method of the mea 

surement system analysis (MSA) defined in particular 
requirements (ISO/TS 16949) for automotive production and 
relevant service part organizations of quality management 
system standards (ISO 9001:2000), and the like are conven 
tionally used to calculate the variation in the measurement 
values of the measurement system. 

However, the method of evaluating uncertainty divides the 
measurement system into elements in which uncertainty 
occurs such as a measurement jig, and a sensor, and evaluates 
the uncertainty for each of the elements to calculate the stan 
dard deviation of the variation in the measurement values, 
which indicates the uncertainty of the entire measurement 
system. Thus, the method of evaluating uncertainty requires 
specialized experiences for each of the elements and also 
requires alongtime for the task, and hence is difficult to apply 
to a product discriminating device that is arranged in a manu 
facturing line. 

In the method of the measurement system analysis (MSA), 
the standard deviation of the variation in the measurement 
values is calculated using the Gage Repeatability and Repro 
ducibility (GR&R) method, and thus repeated measurements 
involving tasks such as detachment of the measurement jig, 
remeasurements of the characteristic values of all products, 
and the like need to be carried out, which increases the labor 
cost. For instance, the task Such as detachment of the mea 
surement jig is particularly troublesome in a product dis 
criminating device that discriminates ten thousand capaci 
tors, in which a condenser capacity is a characteristic value, in 
one minute, and the task of about two hours is required to 
calculate the standard deviation of the variation in the mea 
Surement values, and thus the labor cost increases. 

In view of the foregoing circumstances, it is an object of the 
present invention to provide a product discriminating device, 
a product discriminating method, and a computer program 
capable of calculating a standard deviation of the character 
istic value variation of the products and a standard deviation 
of the measurement value variation through a short time task 
without carrying out a troublesome task Such as detachment 
of the measurement jig. 
To achieve the above object, a product discriminating 

device according to a first invention includes: a measuring 
section for measuring characteristic values indicating prede 
termined characteristics of products; a discriminating unit for 
discriminating the products into a predetermined plurality of 
ranks based on the measured characteristic values; a deemed 
standard deviation calculation unit for calculating a standard 
deviation of variation in the measured characteristic values as 
a deemed Standard deviation; a re-discriminating unit for 
re-measuring characteristic values of the products belonging 
to at least one of the discriminated predetermined plurality of 
ranks and re-discriminating the products into the predeter 
mined plurality of ranks based on the re-measured character 
istic values; a rank estimated number calculation unit for 
estimating the number of the products belonging to each of 
the ranks when re-discriminated at least once based on a 
probability distribution of the deemed standard deviation 
having a standard deviation of the characteristic value varia 
tion of the products and a standard deviation of the measure 
ment value variation as variables, and calculating as an esti 
mated number of the products belonging to each of the ranks; 
and a standard deviation calculation unit for changing the 
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variables of the probability distribution of the deemed stan 
dard deviation Such that the number of the products belonging 
to at least one of the plurality of ranks re-discriminated at least 
once and the estimated number of the products belonging to 
the rank Substantially match each other, and calculating the 
changed variables as the standard deviation of the character 
istic value variation of the products and the standard deviation 
of the measurement value variation. 

According to the product discriminating device of a second 
invention, in the first invention, the predetermined plurality of 
ranks are provided, as a reference, with a predetermined 
inspection standard which defines an upper limit value and a 
lower limit value of the characteristic values for determining 
whether or not each of the products is a non-defective article: 
the re-discriminating unit re-discriminates the products 
belonging to a rank in which the characteristic values are 
Smaller than or equal to the upper limit value and greater than 
or equal to the lower limit value of the predetermined inspec 
tion standard; and the standard deviation calculation unit 
calculates the variables of the probability distribution, in 
which the number of the re-discriminated products belonging 
to a rank greater than the upper limit value of the predeter 
mined inspection standard and a rank Smaller than the lower 
limit value of the predetermined inspection standard, and the 
estimated number of the products belonging to the ranks 
Substantially match each other, as the standard deviation of 
the characteristic value variation of the products and the stan 
dard deviation of the measurement value variation. 

According to the product discriminating device of a third 
invention, in the first invention, the predetermined plurality of 
ranks are provided, as a reference, with a predetermined 
inspection standard which defines an upper limit value and a 
lower limit value of the characteristic values for determining 
whether or not each of the products is a non-defective article: 
the re-discriminating unit re-discriminates the products 
belonging to a rank in which the characteristic values are 
greater than the upper limit value of the predetermined 
inspection standard and a rank in which the characteristic 
values are smaller than the lower limit value of the predeter 
mined inspection standard; and the standard deviation calcu 
lation unit calculates the variables of the probability distribu 
tion, in which the number of the re-discriminated products 
belonging to the rank greater than the upper limit value of the 
predetermined inspection standard and the rank Smaller than 
the lower limit value of the predetermined inspection stan 
dard, and the estimated number of the products belonging to 
the ranks Substantially match each other, as the standard 
deviation of the characteristic value variation of the products 
and the standard deviation of the measurement value varia 
tion. 

According to the product discriminating device of a fourth 
invention, in any one of the first to third inventions, the rank 
estimated number calculation unit divides the probability dis 
tribution of the standard deviation of the characteristic value 
variation of the products into a plurality of Zones, estimates 
the number of the products belonging to each of the ranks 
assuming that the probability distribution in each of the Zones 
follows the probability distribution of the standard deviation 
of the measurement value variation, and calculates as the 
estimated number of the products belonging to each of the 
ranks. 

To achieve the above object, a product discriminating 
method according to a fifth invention includes the steps of 
measuring characteristic values indicating predetermined 
characteristics of products; discriminating the products into a 
predetermined plurality of ranks based on the measured char 
acteristic values; calculating a standard deviation of variation 
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4 
in the measured characteristic values as a deemed Standard 
deviation; re-measuring characteristic values of the products 
belonging to at least one of the discriminated predetermined 
plurality of ranks and re-discriminating the products into the 
predetermined plurality of ranks based on the re-measured 
characteristic values; estimating the number of the products 
belonging to each of the ranks when re-discriminated at least 
once based on a probability distribution of the deemed stan 
dard deviation having a standard deviation of characteristic 
value variation of the products and a standard deviation of 
measurement value variation as variables, and calculating as 
an estimated number of the products belonging to each of the 
ranks; and changing the variables of the probability distribu 
tion of the deemed standard deviation such that the number of 
the products belonging to at least one of the plurality of ranks 
re-discriminated at least once and the estimated number of the 
products belonging to the rank Substantially match each 
other, and calculating the changed variables as the standard 
deviation of the characteristic value variation of the products 
and the standard deviation of the measurement value varia 
tion. 

According to the product discriminating method of a sixth 
invention, in the fifth invention, the predetermined plurality 
of ranks are provided, as a reference, with a predetermined 
inspection standard which defines an upper limit value and a 
lower limit value of the characteristic values for determining 
whether or not each of the products is a non-defective article: 
the products belonging to a rank in which the characteristic 
values are Smaller than or equal to the upper limit value and 
greater than or equal to the lower limit value of the predeter 
mined inspection standard are re-discriminated; and the vari 
ables of the probability distribution, in which the number of 
the re-discriminated products belonging to a rank greater than 
the upper limit value of the predetermined inspection stan 
dard and a rank Smaller than the lower limit value of the 
predetermined inspection standard, and the estimated number 
of the products belonging to the ranks Substantially match 
each other, are calculated as the standard deviation of the 
characteristic value variation of the products and the standard 
deviation of the measurement value variation. 

According to the product discriminating method of a sev 
enth invention, in the fifth invention, the predetermined plu 
rality of ranks are provided, as a reference, with a predeter 
mined inspection standard which defines an upper limit value 
and a lower limit value of the characteristic values for deter 
mining whether or not each of the products is a non-defective 
article; the products belonging to a rank in which the charac 
teristic values are greater than the upper limit value of the 
predetermined inspection standard and a rank in which the 
characteristic values are smaller than the lower limit value of 
the predetermined inspection standard are re-discriminated; 
and the variables of the probability distribution, in which the 
number of the re-discriminated products belonging to the 
rank greater than the upper limit value of the predetermined 
inspection standard and the rank Smaller than the lower limit 
value of the predetermined inspection standard, and the esti 
mated number of the products belonging to the ranks Substan 
tially match each other, are calculated as the standard devia 
tion of the characteristic value variation of the products and 
the standard deviation of the measurement value variation. 

According to the product discriminating method of an 
eighth invention, in any one of the fifth to seventh inventions, 
the probability distribution of the standard deviation of the 
characteristic value variation of the products is divided into a 
plurality of Zones, the number of the products belonging to 
each of the ranks is estimated assuming that the probability 
distribution in each of the Zones follows the probability dis 
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tribution of the standard deviation of the measurement value 
variation, and is calculated as the estimated number of the 
products belonging to each of the ranks. 

To achieve the above object, a computer program accord 
ing to a ninth invention relates to a computer program execut 
able in a product discriminating device for discriminating 
products; the computer program causing the product dis 
criminating device to function as a measuring means for 
measuring characteristic values indicating predetermined 
characteristics of products; a discriminating means for dis 
criminating the products into a predetermined plurality of 
ranks based on the measured characteristic values; a deemed 
standard deviation calculation means for calculating a stan 
dard deviation of variation in the measured characteristic 
values as a deemed Standard deviation; a re-discriminating 
means for re-measuring characteristic values of the products 
belonging to at least one of the discriminated predetermined 
plurality of ranks and re-discriminating the products into the 
predetermined plurality of ranks based on the re-measured 
characteristic values; a rank estimated number calculation 
means for estimating the number of the products belonging to 
each of the ranks when re-discriminated at least once based on 
a probability distribution of the deemed standard deviation 
having a standard deviation of characteristic value variation 
of the products and a standard deviation of measurement 
value variation as variables, and calculating as an estimated 
number of the products belonging to each of the ranks; and a 
standard deviation calculation means for changing the vari 
ables of the probability distribution of the deemed standard 
deviation Such that the number of the products belonging to at 
least one of the plurality of ranks re-discriminated at least 
once and the estimated number of the products belonging to 
the rank Substantially match each other, and calculating the 
changed variables as the standard deviation of the character 
istic value variation of the products and the standard deviation 
of the measurement value variation. 

According to the computer program of a tenth invention, in 
the ninth invention, the predetermined plurality of ranks are 
provided, as a reference, with a predetermined inspection 
standard which defines an upper limit value and a lower limit 
value of the characteristic values for determining whether or 
not each of the products is a non-defective article; and the 
computer program causes the re-discriminating means to 
function as a means for re-discriminating the products 
belonging to a rank in which the characteristic values are 
Smaller than or equal to the upper limit value and greater than 
or equal to the lower limit value of the predetermined inspec 
tion standard, and the standard deviation calculation means to 
function as a means for calculating the variables of the prob 
ability distribution, in which the number of the re-discrimi 
nated products belonging to a rank greater than the upper limit 
value of the predetermined inspection standard and a rank 
smaller than the lower limit value of the predetermined 
inspection standard, and the estimated number of the products 
belonging to the ranks Substantially match each other, as the 
standard deviation of the characteristic value variation of the 
products and the standard deviation of the measurement value 
variation. 

According to the computer program of an eleventh inven 
tion, in the ninth invention, the predetermined plurality of 
ranks are provided, as a reference, with a predetermined 
inspection standard which defines an upper limit value and a 
lower limit value of the characteristic values for determining 
whether or not each of the products is a non-defective article: 
and the computer program causes the re-discriminating 
means to function as a means for re-discriminating the prod 
ucts belonging to a rankin which the characteristic values are 
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6 
greater than the upper limit value of the predetermined 
inspection standard and a rank in which the characteristic 
values are smaller than the lower limit value of the predeter 
mined inspection standard, and the standard deviation calcu 
lation means to function as a means for calculating the vari 
ables of the probability distribution, in which the number of 
the re-discriminated products belonging to the rank greater 
than the upper limit value of the predetermined inspection 
standard and the rank Smaller than the lower limit value of the 
predetermined inspection standard, and the estimated number 
of the products belonging to the ranks Substantially match 
each other, as the standard deviation of the characteristic 
value variation of the products and the standard deviation of 
the measurement value variation. 

According to the computer program of a twelfth invention, 
in any one of the ninth to eleventh inventions, the computer 
program causes the rank estimated number calculation means 
to function as a means for dividing the probability distribution 
of the standard deviation of the characteristic value variation 
of the products into a plurality of Zones, estimating the num 
ber of the products belonging to each of the ranks assuming 
that the probability distribution in each of the Zones follows 
the probability distribution of the standard deviation of the 
measurement value variation, and calculating as the esti 
mated number of the products belonging to each of the ranks. 

In the first, fifth, and ninth inventions, the characteristic 
values of the products belonging to at least one of the dis 
criminated predetermined plurality of ranks are re-measured 
and the products are re-discriminated into the predetermined 
plurality of ranks based on the re-measured characteristic 
values, so that the characteristic values of all the products do 
not need to be re-measured, and the repeated measurement 
involving tasks such as detachment of a measurement jig does 
not need to be carried out as in the method of the measurement 
system analysis (MSA). Therefore, the time for calculating 
the standard deviation of the measurement value variation can 
be greatly reduced. The number of the products belonging to 
each rank is estimated based on the probability distribution of 
the deemed Standard deviation having the standard deviation 
of the characteristic value variation of the products and the 
standard deviation of the measurement value variation as the 
variables, and is calculated as the estimated number of the 
products belonging to each rank, the variables of the prob 
ability distribution of the deemed standard deviation are 
changed such that the number of the products belonging to at 
least one rank and the estimated number of the products 
belonging to the rank Substantially match each other, and the 
changed variables are calculated as the standard deviation of 
the characteristic value variation of the products and the stan 
dard deviation of the measurement value variation, so that the 
standard deviation of the characteristic value variation of the 
products and the standard deviation of the measurement value 
variation can be calculated without Solving a simultaneous 
equation that is mathematically difficult to solve. 

In the second, sixth, and tenth inventions, the products 
belonging to the rank in which the characteristic values are 
Smaller than or equal to the upper limit value and greater than 
or equal to the lower limit value of the predetermined inspec 
tion standard are re-discriminated, and hence the possibility 
of mistakenly discriminating and shipping a defective article 
as a non-defective article can be reduced by again inspecting 
the products belonging to the rank discriminated as non 
defective articles. 

In the third, seventh, and eleventh inventions, the products 
belonging to the rank in which the characteristic values are 
greater than the upper limit value of the predetermined 
inspection standard and the rank in which the characteristic 
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values are smaller than the lower limit value of the predeter 
mined inspection standard, are re-discriminated, and hence 
the possibility of mistakenly discriminating a non-defective 
article as a defective article can be reduced and the rate of the 
non-defective articles can be improved by again inspecting 
the products belonging to the ranks discriminated as defective 
articles. 

In the fourth, eighth, and twelfth inventions, the probability 
distribution of the standard deviation of the characteristic 
value variation of the products is divided into the plurality of 
Zones, and the number of the products belonging to each rank 
is estimated assuming that each Zone follows the probability 
distribution of the standard deviation of the measurement 
value variation to calculate as the estimated number of the 
products belonging to each rank, and thus the number of the 
products belonging to each rank can be estimated without 
Solving a simultaneous equation that is mathematically diffi 
cult to solve. 

In the product discriminating device, the product discrimi 
nating method, and the computer program configured as 
described above according to the present invention, the stan 
dard deviation of the characteristic value variation of the 
products and the standard deviation of the measurement value 
variation can be calculated in a short period of time without 
performing the troublesome task Such as detachment of a 
measurement jig. 

BRIEF EXPLANATION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a configuration example 
of a product discriminating device according to a first 
embodiment of the present invention. 

FIG. 2 is a functional block diagram of the product dis 
criminating device according to the first embodiment of the 
present invention. 

FIG.3 is a schematic view of a probability distribution in a 
case where a discriminating unit of the product discriminat 
ing device according to the first embodiment of the present 
invention discriminates products into a plurality of ranks. 

FIG. 4 is a schematic view of a probability distribution in a 
case where a re-discriminating unit of the product discrimi 
nating device according to the first embodiment of the present 
invention re-discriminates products belonging to a rank B 
into a plurality of ranks. 

FIG. 5 is a flowchart showing a processing procedure in 
which the product discriminating device according to the first 
embodiment of the present invention calculates a standard 
deviation PV of characteristic value variation and a standard 
deviation GRR of measurement value variation. 

FIG. 6 is a flowchart showing a processing procedure in 
which the product discriminating device according to the first 
embodiment of the present invention calculates the standard 
deviation PV of the characteristic value variation and the 
standard deviation GRR of the measurement value variation. 

FIG. 7 is a flowchart showing a processing procedure in 
which the product discriminating device according to the first 
embodiment of the present invention estimates the number of 
the products discriminated into each rank. 

FIG. 8 is a schematic view showing a state in which a 
probability distribution in each Zone of the standard deviation 
PV of the characteristic value variation follows a probability 
distribution of a standard deviation GRR1 of the measure 
ment value variation. 

FIG.9 is a schematic view of a probability distribution in a 
case where a re-discriminating unit of a product discriminat 
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8 
ing device according to a second embodiment of the present 
invention re-discriminates products belonging to a rank A or 
C into a plurality of ranks. 

FIG. 10 is a flowchart showing a processing procedure in 
which the product discriminating device according to the 
second embodiment of the present invention calculates a stan 
dard deviation PV of characteristic value variation and a 
standard deviation GRR of measurement value variation. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, a product discriminating device capable of 
calculating a standard deviation of variation in characteristic 
values of products themselves and a standard deviation of 
variation in measurement values of a measurement system 
according to embodiments of the present invention will be 
specifically described with reference to drawings. The inven 
tion defined in Claims is not limited by the following embodi 
ments, and it should be recognized that not all combinations 
of the characteristic matters described in the embodiments are 
essential to solve the problems. 

In the following embodiments, a product discriminating 
device in which a computer program is introduced into a 
computer system will be described, but it should be apparent 
to those skilled in the art that the present invention can have 
one part implemented as a computer executable computer 
program. Therefore, the present invention may include an 
embodiment as hardware of the product discriminating 
device, an embodiment as Software, or an embodiment of a 
combination of software and hardware. The computer pro 
gram can be recorded on an arbitrary computer readable 
recording medium such as a hard disc, a DVD, a CD, an 
optical storage device, or a magnetic storage device. 

(First Embodiment) 
FIG. 1 is a block diagram showing a configuration example 

of a product discriminating device according to a first 
embodiment of the present invention. The product discrimi 
nating device according to the first embodiment includes a 
measuring section 1 for measuring a characteristic value indi 
cating a predetermined characteristic of a product, and a 
calculation processing section 2 for calculating the measured 
characteristic value. 
The measuring section 1 measures the characteristic value 

indicating the predetermined characteristic of the product. 
For instance, if the product is a ceramic capacitor, the mea 
Suring section 1 measures a condenser capacity, which is the 
characteristic value of the product. The hardware configura 
tion of the measuring section 1 for measuring the condenser 
capacity includes an LCR meter. 
The calculation processing section 2 is configured at least 

by a CPU (Central Processing Unit) 21, a memory 22, a 
storage device 23, an I/O interface 24, a video interface 25, a 
portable disc drive 26, a measurement interface 27, and an 
internal bus 28 for connecting the above hardware. 
The CPU 21 is connected to each hardware described 

above in the calculation processing section 2 through the 
internal bus 28 to control the operation of each hardware 
described above and execute various software functions 
according to a computer program 230 stored in the storage 
device 23. The memory 22 is configured by a volatile memory 
such as a SRAM or a SDRAM, where a load module is 
developed at the time of execution of the computer program 
230 and temporary data and the like generated at the time of 
the execution of the computer program 230 is stored. 
The storage device 23 is configured by a built-in fixed 

storage device (hard disc), a ROM, or the like. The computer 
program 230 stored in the storage device 23 is downloaded 
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from a portable recording medium 90 such as a DVD or a 
CD-ROM, on which information such as the program and 
data is recorded, by the portable disc drive 26, and is devel 
oped from the storage device 23 to the memory 22 and then 
executed at the time of the execution. It may, of course, be a 
computer program downloaded from an external computer 
connected to a network. 
The measurement interface 27 is connected to the internal 

bus 28 and to the measuring section 1, so that the measured 
characteristic value, the control signal, and the like can be 
transmitted and received between the measuring section 1 and 
the calculation processing section 2. 

The I/O interface 24 is connected to a data input medium 
such as a keyboard 241 or a mouse 242 to receive the input of 
data. The video interface 25 is connected to a display device 
251 such as a CRT monitor or an LCD to display a predeter 
mined image. 
The operation of the product discriminating device config 

ured as above will be described below. FIG. 2 is a functional 
block diagram of the product discriminating device according 
to the first embodiment of the present invention. The measur 
ing section 1 measures a characteristic value indicating a 
predetermined characteristic of a product 10. 
A discriminating unit 3 discriminates the products 10 into 

a plurality of ranks based on the characteristic values mea 
Sured in the measuring section 1. The ranks for discriminating 
the products 10 are provided, as a reference, with a predeter 
mined inspection standard defining an upper limit value and a 
lower limit value of the characteristic values for determining 
whether or not the products 10 are non-defective articles. In 
the first embodiment, a case in which the inspection standard 
is defined in the same condition as the product standard will 
be described. FIG. 3 is a schematic view of a probability 
distribution in a case where the discriminating unit 3 of the 
product discriminating device according to the first embodi 
ment of the present invention discriminates the products 10 
into a plurality of ranks. FIG. 3 shows the probability distri 
bution of the measured characteristic values of the products 
10 with the horizontal axis indicating the characteristic values 
of the products 10 and the vertical axis indicating the number 
of the products 10. The probability distribution of the mea 
sured characteristic values of the products 10 is a normal 
distribution. 

Furthermore, FIG. 3 shows the upper limit value and the 
lower limit value of the characteristic values defined by the 
predetermined inspection standard. The discriminating unit 3 
discriminates the products 10 with a range smaller than the 
lower limit value of the characteristic values as a rank A, a 
range greater than or equal to the lower limit value and 
Smaller than or equal to the upper limit value of the charac 
teristic values as a rank B, and a range greater than the upper 
limit value of the characteristic values as a rank C. The prod 
uct 10 belonging to the rank B is determined as a non-defec 
tive article based on the inspection standard, and the product 
10 belonging to the rank A or C is determined as a defective 
article based on the inspection standard. 

Returning to FIG. 2, a deemed standard deviation calcula 
tion unit 4 calculates the standard deviation of the variation in 
the measured characteristic values as a deemed Standard 
deviation. The deemed standard deviation calculation unit 4 
can calculate the deemed Standard deviation, and can also 
calculate an average value of the measured characteristic 
values of the products 10. The deemed standard deviation and 
the average value can be calculated based on the measured 
characteristic value. However, in the deemed standard devia 
tion calculation unit 4 according to the first embodiment, the 
deemed Standard deviation and the average value are not 
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10 
calculated from the measured characteristic values, but the 
deemed Standard deviation and the average value are calcu 
lated from an inverse function of a cumulative distribution 
function of the normal distribution using the number of the 
products 10 belonging to at least one rank (e.g., the rank B) 
out of a plurality of ranks discriminated by the discriminating 
unit 3. That is, assuming that the probability distribution of 
the measured characteristic values of the products 10 is a 
normal distribution, the probability distribution can be speci 
fied by obtaining the number of the products 10 belonging to 
the rank A, and the deemed Standard deviation and the aver 
age value can be obtained. 
A re-discriminating unit 5 re-measures in the measuring 

section 1 the characteristic values of the products 10 belong 
ing to the rank B discriminated by the discriminating unit 3. 
and re-discriminates the products 10 into a plurality of ranks 
provided with the inspection standard same as the discrimi 
nating unit 3 as a reference based on the re-measured charac 
teristic values. If the measuring section 1 does not have varia 
tion in the measurement values (measurement value 
variation) and the re-discriminating unit 5 re-measures the 
characteristic values of the products 10 belonging to the rank 
B and re-discriminates the products into a plurality of ranks 
based on the re-measured characteristic values, all the re 
discriminated products 10 always belong to the rank B. If 
there is measurement value variation and the re-discriminat 
ing unit 5 re-measures the characteristic values of the prod 
ucts 10 belonging to the rank B and re-discriminates the 
products into a plurality of ranks based on the re-measured 
characteristic values, the re-discriminated products 10 may 
belong to the rank A or C other than the rank B. The products 
10 may belong to the rank A or C by re-discrimination when 
the product 10, which originally belongs to the rank A or C, is 
mistakenly re-discriminated as the product 10 belonging to 
the rank B in the re-discrimination by the measurement value 
variation, or when the product 10, which originally belongs to 
the rank B, is mistakenly re-discriminated as the product 10 
belonging to the rank A or C in the re-discrimination by the 
measurement value variation. The measurement value varia 
tion always exists in the actual measuring section1, and hence 
the re-discriminated product 10 may belong to the rank A or 
C other than the rank B. 
A specific example in which the re-discriminating unit 5 

re-discriminates the products 10 belonging to the rank B into 
a plurality of ranks will be described with reference to a 
drawing. FIG. 4 is a schematic view of a probability distribu 
tion in a case where the re-discriminating unit 5 of the product 
discriminating device according to the first embodiment of 
the present invention re-discriminates the products 10 
belonging to the rank B into a plurality of ranks. Similarly to 
FIG. 3, FIG. 4 also shows the upper limit value and the lower 
limit value of the characteristic values defined by the inspec 
tion standard. FIG. 4 shows a state in which the products 10 
belonging to the rank B in the discrimination are re-discrimi 
nated to the rank A or C by the measurement value variation 
of the measuring section 1. Specifically, the product 10 
belonging to the rank A in FIG. 4 is a product re-discriminated 
from the rank B to the rank A. The product 10 belonging to the 
rank C in FIG. 4 is a product re-discriminated from the rank B 
to the rank C. The product 10 belonging to the rank B in FIG. 
4 is a product re-discriminated from the rank B to the rank B. 

For instance, if the re-discriminated products 10 are 
capacitors each having a condenser capacity of 1 pF, and 3525 
products 10 are measured in the measuring section 1, the 
average value of the characteristic values is calculated as 
1.0067 pF from the measurement results, and the deemed 
standard deviation is calculated as 0.02 125 pF in the deemed 
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standard deviation calculation unit 4. If the lower limit value 
of the inspection standard is 0.985 pF and the upper limit 
value is 1.015 pF, the discriminating unit 3 discriminates the 
3525 products 10 into 543 products in the rank A, 1758 
products in the rank B, and 1224 products in the rank C. 
The re-discriminating unit 5 re-measures in the measuring 

section 1 the characteristic values of the 1758 products 10 
belonging to the rank B, and re-discriminates the products 
into a plurality of ranks based on the re-measured character 
istic values. As a result of the re-discrimination in the re 
discriminating unit 5, the products 10 are re-discriminated 
into 77 for rank A, 1559 for rank B, and 122 for rank C. In this 
case, the conditions of the re-discriminated 199 (77+122) 
products 10 belonging to the rank A or Care the following two 
types of conditions, first and second conditions. The first 
condition is that the product 10 is truly in the rank B (the true 
characteristic value is within a range Smaller than or equal to 
the upper limit value and greater than or equal to the lower 
limit value of the inspection standard), the product 10 being 
discriminated into the rank B in the discriminating unit 3 and 
being re-discriminated into the rank A or C in the re-discrimi 
nating unit 5. The second condition is that the product 10 is 
truly in the rank A or C (the true characteristic value is within 
a range greater than the upper limit value or Smaller than the 
lower limit value of the inspection standard), the product 10 
being discriminated into the rank B in the discriminating unit 
3 and being re-discriminated into the rank A or C in the 
re-discriminating unit 5. 
The product 10 re-discriminated into the rank A or C in the 

re-discriminating unit 5 exists because not only the variation 
in the characteristic values (characteristic value variation) of 
the products themselves but also the measurement value 
variation exists, as described earlier. A deemed Standard 
deviation TV calculated in the deemed standard deviation 
calculation unit 4, for calculating the standard deviation of the 
variation in the characteristic values measured in the measur 
ing section 1 as the deemed Standard deviation, can be 
expressed as (equation 1) with the standard deviation PV of 
the characteristic value variation and the standard deviation 
GRR of the measurement value variation. 

T2=P2GRR2 Equation 1 

As apparent from (equation 1), the deemed Standard devia 
tion TV calculated in the deemed standard deviation calcula 
tion unit 4 is equal to the standard deviation PV of the char 
acteristic value variation if the standard deviation GRR of the 
measurement value variation is 0 (zero). 

If the standard deviation GRR of the measurement value 
variation is not 0 (zero), the standard deviation PV of the 
characteristic value variation and the standard deviation GRR 
of the measurement value variation cannot be calculated by 
simply calculating the deemed standard deviation TV in the 
deemed Standard deviation calculation unit 4. In order to 
calculate the standard deviation PV of the characteristic value 
variation and the standard deviation GRR of the measurement 
value variation, both (equation 1) and the number of the 
products 10 that satisfies the first and second conditions 
described above need to be satisfied. 
The number of the products 10 that satisfies the first and 

second conditions can be obtained by solving a consumer risk 
CR (equation 2) of the probability of discriminating a true 
defective article as a non-defective article by the measure 
ment and a producer risk PR (equation3) of the probability of 
discriminating a true non-defective article as a defective 
article by the measurement as disclosed in Non-Patent Docu 
ment 2. 
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If the probability distribution of the characteristic value 
variation of the products 10 and the probability distribution of 
the measurement value variation in the measuring section 1 
are normal distributions, (equation 2) and (equation 3) are 
expressed in the form of double integral of a probability 
density function of the characteristic value variation of the 
products 10 in which the reference normal distribution is 
obtained by the standard deviation PV of the characteristic 
value variation of the products 10 and a probability density 
function of the measurement value variation in which the 
reference normal distribution is obtained by the standard 
deviation GRR of the measurement value variation in the 
measuring section 1. Here, t is a position from the center of 
the probability distribution of the characteristic value varia 
tion of the products 10, s is a position from the center of the 
probability distribution of the measurement value variation in 
the measuring section 1, L is a halfbandwidth of the product 
standard (when the center of the product standard of the 
products 10 is zero, the distance from Zero to the upper limit 
value or the lower limit value of the product standard of the 
products 10), k-L is a half bandwidth of the inspection stan 
dard (when the center of the inspection standard of the prod 
ucts 10 is Zero, the distance from Zero to the upper limit value 
or the lower limit value of the inspection standard of the 
products 10), u is a bias of the probability distribution of the 
characteristic value variation of the products 10, V is a bias of 
the probability distribution of the measurement value varia 
tion in the measuring section 1, and R is an accuracy ratio (a 
value obtained by dividing the standard deviation PV of the 
characteristic value variation of the products 10 by the stan 
dard deviation GRR of the measurement value variation in the 
measuring section 1). In the product discriminating device 
according to the first embodiment, the product standard and 
the inspection standard are in the same conditions, and hence 
k=1 is satisfied. 
The simultaneous equation of the double integral equation 

of (equation 2) and (equation3) that satisfy the first condition 
and the second condition, and (equation 1) needs to be solved 
in order to calculate the standard deviation PV of the charac 
teristic value variation and the standard deviation GRR of the 
measurement value variation using (equation 2) and (equa 
tion 3). However, it is difficult to mathematically solve such 
simultaneous equation. 

Thus, in the product discriminating device according to the 
first embodiment, the standard variation PV of the character 
istic value variation and the standard deviation GRR of the 
measurement value variation of the products 10 that satisfy 
both (equation 1) and the number of the products 10 satisfying 
the first condition and the second condition are to be calcu 
lated using a rank estimated number calculation unit 6 and a 
standard deviation calculation unit 7 shown in FIG. 2. The 
rank estimated number calculation unit 6 estimates the num 
ber of the products 10 belonging to each of the ranks A, B, and 
C after the re-discrimination based on the probability distri 
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bution of the deemed standard deviation TV having the stan 
dard deviation PV of the characteristic value variation and the 
standard deviation GRR of the measurement value variation 
as variables, and calculates the same as the estimated number 
of the products 10 belonging to each of the ranks. The stan 
dard deviation calculation unit 7 changes the variables of the 
probability distribution of the deemed standard deviation TV 
such that the number of the products 10 belonging to the rank 
A or Cre-discriminated in the re-discriminating unit 5 and the 
estimated number of the products 10 belonging to the rank A 
or C Substantially match each other, and calculates the 
changed variables as the standard deviation PV of the char 
acteristic value variation of the products 10 and the standard 
deviation GRR of the measurement value variation. 

Specifically, in the product discriminating device accord 
ing to the first embodiment, the processing procedure for 
calculating the standard deviation PV of the characteristic 
value variation and the standard deviation GRR of the mea 
surement value variation will be described with reference to 
flowcharts. FIG. 5 and FIG. 6 are flowcharts showing the 
processing procedure in which the product discriminating 
device according to the first embodiment of the present inven 
tion calculates the standard deviation PV of the characteristic 
value variation and the standard deviation GRR of the mea 
Surement value variation. 
The CPU 21 of the calculation processing section 2 

acquires the characteristic values of the products 10 measured 
in the measuring section 1 received through the measurement 
interface 27 (step S501), and discriminates the products 10 
into the rank A, the rank B, and the rank C shown in FIG. 3 
based on the acquired characteristic values of the products 10 
(step S502). The CPU21 transmits an instruction signal to the 
measuring section 1 to re-measure the characteristic values of 
the products 10 discriminated into the rank B (step S503). The 
measuring section 1 that received the instruction signal re 
measures the characteristic values of the products 10 dis 
criminated into the rank B. The CPU 21 again acquires the 
re-measured characteristic values of the products 10 (step 
S504), re-discriminates the products 10 into a plurality of 
ranks based on the again acquired characteristic values (step 
S505), and counts the number of re-discriminated products 10 
belonging to each of the ranks (step S506). 

The CPU 21 specifies the probability distribution of the 
characteristic values of the products 10 measured in the mea 
suring section 1 based on the number of the products 10 
belonging to at least one of the ranks of the rank A, the rank B, 
and the rank C as discriminated, and calculates the deemed 
standard deviation TV and the average value of the charac 
teristic values (step S507). 

The CPU 21 sets the standard deviation GRR of the mea 
surement value variation to GRR1 =0.1TV (initial value), and 
sets a changing width GRR2 of the standard deviation GRR of 
the measurement value variation to GRR2=(TV-GRR1)/10– 
(TV-0.1TV)/10=0.09TV (step S508). 
The CPU 21 sets the standard deviation PV of the charac 

teristic value variation based on the calculated deemed stan 
dard deviation TV and the set standard deviation GRR1 of the 
measurement value variation (step S509), and estimates the 
number of the products 10 belonging to the rank B when 
re-discriminated, from the probability distribution of the set 
standard deviation PV of the characteristic value variation 
(step S610). 
The processing procedure in step S610 will be described 

with reference to a more detailed flowchart. FIG. 7 is a flow 
chart showing the processing procedure in which the product 
discriminating device according to the first embodiment of 
the present invention estimates the number of the products 10 
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14 
when re-discriminated to each of the ranks. The CPU 21 
substitutes the calculated deemed standard deviation TV and 
the set standard deviation GRR1 of the measurement value 
variation to (equation 1), and sets the standard deviation PV 
of the characteristic value variation (step S701). Specifically, 
the standard deviation PV of the characteristic value variation 
is obtained as PV-TV-GRR from (equation 1), and can be 
calculated as PV’=TV-(0.1TV) by substituting 
GRR1 =0.1TV of the initial set value. 
The CPU21 divides the probability distribution of the set 

standard deviation PV of the characteristic value variation 
into a plurality of Zones for respective predetermined charac 
teristic values, and specifies the probability distribution in 
each of the Zones (step S702). The CPU 21 calculates the 
probability distribution of the standard deviation PV of the 
characteristic value variation as a result (hereinafter referred 
to as after measurement) of measuring with the assumption 
that the specified probability distribution in each Zone follows 
the probability distribution of the standard deviation GRR1 of 
the measurement value variation (step S703). The assumption 
that the probability distribution in each Zone follows the prob 
ability distribution of the standard deviation GRR1 of the 
measurement value variation will be described with reference 
to a drawing. FIG. 8 is a schematic view showing a state in 
which the probability distribution in each Zone of the standard 
deviation PV of the characteristic value variation follows the 
probability distribution of the standard deviation GRR1 of the 
measurement value variation. As shown in FIG. 8, the prob 
ability distribution of the standard deviation PV of the char 
acteristic value variation is divided into a plurality of Zones 61 
(nine Zones in FIG. 8). For instance, the products 10 having 
the characteristic values from a characteristic value C. to a 
characteristic value B existina Zone 61A from the character 
istic value C. to the characteristic value B, but there is no 
product 10 having a characteristic value smaller than the 
characteristic value C. or a characteristic value greater than the 
characteristic value B. Assuming that a probability distribu 
tion 62A after measurement of the Zone 61 follows the prob 
ability distribution of the standard deviation GRR1 of the 
measurement value variation, the respective characteristic 
values of the products 10 belonging to the Zone 61A have 
measurement value variation, and the probability distribution 
62A in the Zone 61A can be presumed as a probability distri 
bution 62B after measurement. In the probability distribution 
62B after measurement, there is also a product 10 having a 
characteristic value Smaller than the characteristic value C. or 
a characteristic value greater than the characteristic value B. 
The CPU 21 calculates the probability distribution of the 
standard deviation PV of the characteristic value variation 
after measurement by presuming the probability distribution 
in each Zone 61 as the probability distribution after measure 
ment. 

The CPU 21 estimates the number of the products 10 
belonging to the rank B based on the probability distribution 
of the standard deviation PV of the characteristic value varia 
tion after measurement (step S704). As shown in FIG. 8, there 
is a product 10 belonging to the rank A after measurement 
even when belonging to the Zone 61A, because the probability 
distribution 62A in the Zone 61A belonging to the rank B is 
presumed as the probability distribution 62B after measure 
ment. There is also a product 10 belonging to the rank B even 
when belonging to the Zone 61C, because the probability 
distribution in the Zone 61C belonging to the rank A is pre 
sumed as the probability distribution 62C after measurement. 
The CPU 21 carries out, in each Zone 61, the process of 
subtracting the products 10 not belonging to the rank B from 
the probability distribution 62B after measurement and add 
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ing the products 10 belonging to the rank B from the prob 
ability distribution 62C after measurement, assuming that the 
probability distribution 62A in the Zone 61A is the probability 
distribution 62B after measurement and the probability dis 
tribution in the Zone 61C is the probability distribution 62C 
after measurement, so as to estimate the number of the prod 
ucts 10 belonging to the rank B. In the actually used program, 
the calculation is carried out with the ranks A, B, and C being 
respectively divided into about 200 Zones in order to enhance 
the accuracy. 

Returning to FIG. 6, the CPU21 in the calculation process 
ing section 2 divides the rankSA, B, and C respectively into 
200 Zones, further divides the probability distribution in the 
rank B in which the number is estimated into a plurality of 
Zones for every probability distribution discriminated into the 
rank B after measuring the characteristic values of the prod 
ucts 10 belonging to each Zone, estimates the number of the 
products 10 belonging to the rank A or C after re-discrimi 
nating the rank Bassuming that the probability distribution in 
each Zone follows the probability distribution of the standard 
deviation GRR1 of the measurement value variation, and 
calculates the same as the estimated number of the rank A or 
C (step S611). Assuming that the probability distribution in 
each Zone of the rank B in which the number is estimated 
follows the probability distribution of the standard deviation 
GRR1 of the measurement value variation, and estimating the 
number of the products 10 belonging to the rank A or C from 
the probability distribution after measurement of the rank B 
are the same as the processing procedure shown in FIG. 7 in 
which step S610 is described in detail, and hence the detailed 
description thereof will not be repeated. 
The CPU21 determines whether or not the estimated num 

ber of the products 10 belonging to the rank A or C is greater 
than the number of the products 10 belonging to the rank A or 
C re-discriminated in step S505 (step S612). If the CPU 21 
determines that the estimated number is Smaller than or equal 
to the number of the products 10 belonging to the rank A or C 
re-discriminated in step S505 (step S612: NO), the CPU 21 
increments the standard deviation GRR1 of the measurement 
value variation by the changing width GRR2 (step S613), and 
returns the process to step S610. Specifically, in step S613, 
the standard deviation GRR1 of the measurement value varia 
tion is incremented by the changing width GRR2 (0.09TV) 
such as 0.1TV+0.09TV, 0.1TV+0.09TV+0.09TV, ... until the 
estimated number becomes greater than the number of the 
products 10 belonging to the rank A or C re-discriminated in 
step S505. 

If the CPU 21 determines that the estimated number is 
greater than the number of the products 10 belonging to the 
rank A or C re-discriminated in step S505 (step S612: YES), 
the CPU 21 determines whether or not the standard deviation 
GRR1 of the measurement value variation is the initial value 
(0.1TV) (step S614). 

If the CPU21 determines that the Standard deviation GRR1 
of the measurement value variation is the initial value 
(0.1TV) (step S614:YES), the standard deviation GRR of the 
measurement value variation becomes smaller than GRR1, 
and hence the CPU 21 sets the standard deviation GRR1 of 
the measurement value variation to one half 
(GRR1=0.05TV), sets the changing width GRR2 to one half 
(0.045TV) (step S615), and returns the process to step S610. 

If the CPU21 determines that the Standard deviation GRR1 
of the measurement value variation is not the initial value 
(0.1TV) (step S614: NO), the CPU 21 decrements the stan 
dard deviation GRR1 of the measurement value variation by 
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16 
the changing width GRR2 in order to raise the accuracy of the 
standard deviation GRR1 of the measurement value variation 
(step S616). 
The CPU21 counts the number of times the process in step 

S616 is carried out (step S617), and determines whether or 
not the counted number of processing is five times or less 
(step S618). If the CPU 21 determines that the counted num 
ber of processing is five times or less (step S618: YES), the 
accuracy of the standard deviation GRR1 of the measurement 
value variation is determined as still insufficient, and the CPU 
21 sets the changing width GRR2 to one fourth (step S619) 
and returns the process to step S610. If the CPU 21 deter 
mines that the counted number of processing is greater than 
five times (step S618: NO), the accuracy of the standard 
deviation GRR1 of the measurement value variation is deter 
mined as sufficient, and the CPU 21 calculates a value in 
which the standard deviation GRR1 of the measurement 
value variation after the process in step S616 is increased by 
one half of the changing width GRR2 as the standard devia 
tion GRR of the measurement value variation (step S620), 
and calculates the standard deviation PV of the characteristic 
value variation by Substituting the calculated Standard devia 
tion GRR of the measurement value variation and the calcu 
lated deemed standard deviation TV to (equation 1) (step 
S621). 
By carrying out the processing procedure shown in FIG.5 

and FIG. 6, when the products 10 are capacitors each having 
a condenser capacity of 1 pF (the discriminating unit 3 dis 
criminated 3525 products with the lower limit value of 0.985 
pF and the upper limit value of 1.015 pF of the inspection 
standard to 543 products in the rank A, 1758 products in the 
rank B, and 1224 products in the rank C. The re-discriminat 
ing unit 5 discriminated the 1758 products 10 belonging to the 
rank B to 77 products in the rank A, 1559 products in the rank 
B, and 122 products in the rank C), the average value of the 
characteristic values is calculated as 1.0067 pF, the deemed 
standard deviation TV as 0.02 125 pF, the standard deviation 
PV of the characteristic value variation as 0.02096 pF, and the 
standard deviation GRR of the measurement value variation 
as 0.00350 pF. In the first embodiment, the case of discrimi 
nating or re-discriminating the products 10 into the three 
ranks of the rank A, the rank B, and the rank C, has been 
described, but the Zone 61A, the Zone 61D, or the like belong 
ing to the rank B as shown in FIG.8 may be assumed as one 
rank (Sub-rank), and the average value of the characteristic 
values, the deemed standard deviation TV, the standard devia 
tion PV of the characteristic value variation, and the standard 
deviation GRR of the measurement value variation as 
described above can be similarly calculated from the number 
of the products 10 belonging to the range Smaller than or 
equal to the upper limit value and greater than or equal to the 
lower limit value of the sub-rank after re-discrimination, the 
number of the products 10 belonging to the range Smaller than 
the lower limit value of the sub-rank, and the number of the 
products 10 belonging to the range greater than the upper 
limit value of the sub-rank. 
As shown in step S501 to step S506, the products 10 are not 

limitedly discriminated or re-discriminated based on the 
characteristic values of the products 10 measured in the mea 
Suring section 1 and received through the measurement inter 
face 27, and the result of discriminating or re-discriminating 
the products 10 may be received by inputting etc. from the 
keyboard 241 without discriminating or re-discriminating the 
products 10. 
As described above, in the product discriminating device 

according to the first embodiment, the variables of the prob 
ability distribution of the deemed standard deviation TV are 
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changed such that the number of the products 10 belonging to 
the rank A or C in which the products 10 belonging to the rank 
B are re-discriminated in the re-discriminating unit 5 and the 
estimated number of the products 10 belonging to the rank A 
or C after re-discrimination based on the probability distribu 
tion of the deemed standard deviation TV having the standard 
deviation PV of the characteristic value variation and the 
standard deviation GRR of the measurement value variation 
as variables Substantially match each other, and the changed 
variables are calculated as the standard deviation PV of the 
characteristic value variation and the standard deviation GRR 
of the measurement value variation, so that the standard 
deviation GRR of the measurement value variation can be 
calculated without performing the repeated measurement, 
which is required in the method of the measurement system 
analysis (MSA). 

In the product discriminating device according to the first 
embodiment, the repeated measurement does not need to be 
carried out in order to calculate the standard deviation GRR of 
the measurement value variation as in the method of the 
measurement system analysis (MSA), and thus the time 
required for the repeated measurement is unnecessary and the 
standard deviation GRR of the measurement value variation 
can be calculated in a short period of time. In particular, in the 
product discriminating device according to the first embodi 
ment incorporated in a inspection process of a manufacturing 
line, the troublesome task Such as detaching the measurement 
jig took time and about two hours were required to calculate 
the standard deviation GRR of the measurement value varia 
tion if the method of the measurement system analysis (MSA) 
was used, but it can be calculated in about five minutes if the 
product discriminating method according to the first method 
is used. 

Furthermore, in the product discriminating device accord 
ing to the first embodiment, the accuracy is significantly 
better since the standard deviation PV of the characteristic 
value variation and the standard deviation GRR of the mea 
Surement value variation are calculated by measuring a great 
number of the products 10 compared to the method of the 
measurement system analysis (MSA). For instance, about ten 
products 10 are measured in the method of the measurement 
system analysis (MSA), whereas ten thousand products 10 
are measured in the product discriminating device according 
to the first embodiment, so that the accuracy of the standard 
deviation PV of the characteristic value variation and the 
standard deviation GRR of the measurement value variation 
to be calculated improves by about three times compared to 
those calculated with the method of the measurement system 
analysis (MSA). 

In the product discriminating device according to the first 
embodiment, the probability of mistakenly discriminating 
and shipping a defective article as a non-defective article can 
be reduced since the characteristic values of the products 10 
belonging to the rank B discriminated as non-defective 
articles are re-measured and re-discriminated into a plurality 
of ranks based on the re-measured characteristic values. 
The product discriminating device according to the first 

embodiment is not limited to a case where the rank estimated 
number calculation unit 6 divides the probability distribution 
of the standard deviation PV of the characteristic value varia 
tion into a plurality of Zones, and estimates the number of the 
products 10 belonging to each rank and calculates as the 
estimated number of the products 10 belonging to each rank, 
assuming that the probability distribution in each Zone fol 
lows the probability distribution of the standard deviation 
GRR of the measurement value variation, and the character 
istic values of the products 10 based on the probability dis 
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tribution of the deemed standard deviation TV having the 
standard deviation PV of the characteristic value variation 
and the standard deviation GRR of the measurement value 
variation as variables may be generated through the Monte 
Carlo method, and the number of the products 10 belonging to 
each rank may be estimated to calculate the estimated num 
ber. 

(Second Embodiment) 
In the product discriminating device according to the first 

embodiment of the present invention, there was described a 
case of re-measuring the characteristic values of the products 
10 belonging to the rank B, re-discriminating the same into a 
plurality of ranks based on the re-measured characteristic 
values, and calculating the standard deviation PV of the char 
acteristic value variation and the standard deviation GRR of 
the measurement value variation. In a product discriminating 
device according to a second embodiment of the present 
invention, described is a case of re-measuring the character 
istic values of the products 10 belonging to the rank A or C. 
re-discriminating the same into a plurality of ranks based on 
the re-measured characteristic values, and calculating the 
standard deviation PV of the characteristic value variation 
and the standard deviation GRR of the measurement value 
variation. Thus, a block diagram and a functional block dia 
gram showing a configuration example of the product dis 
criminating device according to the second embodiment are 
the same as FIG. 1 and FIG. 2 of the first embodiment, and the 
detailed description will not be repeated, and description will 
be made with the same reference symbols denoted on the 
configuring elements. 
The discriminating unit 3 shown in FIG. 2 discriminates 

the products 10 into the plurality of ranks A, B, and C as 
shown in FIG. 3 based on the characteristic values measured 
in the measuring section 1. The re-discriminating unit 5 re 
measures in the measuring section 1 the characteristic values 
of the products 10 belonging to the rank A or C discriminated 
by the discriminating unit 3, and re-discriminates the prod 
ucts 10 into ranks provided with the inspection standard same 
as the discriminating unit 3 as a reference based on the re 
measured characteristic values. 
A specific example in which the re-discriminating unit 5 

re-discriminates the products 10 belonging to the rank A or C 
into a plurality of ranks will be described with reference to a 
drawing. FIG. 9 is a schematic view of a probability distribu 
tion in a case where the re-discriminating unit 5 of the product 
discriminating device according to the second embodiment of 
the present invention re-discriminates the products 10 
belonging to the rank A or C into a plurality of ranks. Simi 
larly to FIG. 3, FIG.9 also shows the upper limit value and the 
lower limit value of the characteristic values defined by the 
inspection standard. FIG. 9 shows a state in which the prod 
ucts 10 belonging to the rank A or C in the discrimination are 
re-discriminated into the rank B by the measurement value 
variation of the measuring section 1. Specifically, the prod 
ucts 10 belonging to the rank A in FIG. 9 are re-discriminated 
from the rank A to the rank A. The products 10 belonging to 
the rank C in FIG. 9 are re-discriminated from the rank C to 
the rank C. The products 10 belonging to the rank B in FIG.9 
are re-discriminated from the rank A or C to the rank B. 

For instance, when the re-discriminated products 10 are 
capacitors each having a condenser capacity of 1 pF, and 3525 
products 10 are measured in the measuring section 1, the 
discriminating unit 3 having the lower limit value of the 
inspection standard as 0.985 pF and the upper limit value as 
1.015 pF discriminates the 3525 products 10 to 543 products 
in the rank A, 1758 products in the rank B, and 1224 products 
in the rank C. The re-discriminating unit 5 re-measures in the 
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measuring section 1 the characteristic values of the 1767 
(543+1224) products 10 belonging to the rank A or C and 
re-discriminates the products into a plurality of ranks based 
on the re-measured characteristic values. As a result of the 
re-discrimination in the re-discriminating unit 5, the products 
10 are re-discriminated to 465 products in the rank A, 199 
products in the rank B, and 1103 products in the rank C. In this 
case, the conditions of the re-discriminated 1568 (465+1103) 
products 10 belonging to the rank A or Care the following two 
types of conditions, third and fourth conditions. The third 
condition is that the product 10 is truly in the rank B (the true 
characteristic value is within a range Smaller than or equal to 
the upper limit value and greater than or equal to the lower 
limit value of the inspection standard), the product 10 being 
discriminated into the rank A or C in the discriminating unit 3 
and re-discriminated into the rank A or C in the re-discrimi 
nating unit 5. The fourth condition is that the product 10 is 
truly in the rank A or C (the true characteristic value is within 
a range greater than the upper limit value and Smaller than the 
lower limit value of the inspection standard), the product 10 
being discriminated into the rank A or C in the discriminating 
unit 3 and re-discriminated into the rank A or C in the re 
discriminating unit 5. 

Also in the product discriminating device according to the 
second embodiment, the standard deviation PV of the char 
acteristic value variation and the standard deviation GRR of 
the measurement value variation of the products 10 that sat 
isfy both (equation 1) and the number of the products 10 
satisfying the third condition and the fourth condition are to 
be calculated using the rank estimated number calculation 
unit 6 and the standard deviation calculation unit 7 shown in 
FIG. 2. The rank estimated number calculation unit 6 esti 
mates the number of the products 10 belonging to each of the 
ranks A, B, and C after the re-discrimination based on the 
probability distribution of the deemed standard deviation TV 
having the standard deviation PV of the characteristic value 
variation and the standard deviation GRR of the measurement 
value variation as variables, and calculates the same as the 
estimated number of the products 10 belonging to each of the 
ranks. The standard deviation calculation unit 7 changes the 
variables of the probability distribution of the deemed stan 
dard deviation TV such that the number of the products 10 
belonging to the rank A or C re-discriminated in the re 
discriminating unit 5 and the estimated number of the prod 
ucts 10 belonging to the rank A or C substantially match each 
other, and calculates the changed variables as the standard 
deviation PV of the characteristic value variation and the 
standard deviation GRR of the measurement value variation 
of the products 10. 

Specifically, the processes carried out in the rank estimated 
number calculation unit 6 and the standard deviation calcu 
lation unit 7 in the second embodiment are similar to those of 
the first embodiment, and the standard deviation PV of the 
characteristic value variation and the standard deviation GRR 
of the measurement value variation are calculated. FIG. 10 is 
a flowchart showing the processing procedure in which the 
product discriminating device according to the second 
embodiment of the present invention calculates the standard 
deviation PV of the characteristic value variation and the 
standard deviation GRR of the measurement value variation. 
The processing procedure in which the product discriminat 
ing device according to the second embodiment calculates the 
standard deviation PV of the characteristic value variation 
and the standard deviation GRR of the measurement value 
variation is the same as the processing procedure from step 
S501 to step S509 in the first embodiment shown in FIG. 5. 
The flowchart shown in FIG. 10 is the same as the flowchart 
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of the first embodiment shown in FIG. 6 other than step S1010 
and step S1011, and thus the detailed description thereof will 
not be repeated. 

In place of step S610, the CPU 21 estimates the number of 
the products 10 belonging to the rank A or C when re-dis 
criminated from the probability distribution of the set stan 
dard deviation PV of the characteristic value variation (step 
S1010). Furthermore, in place of step S611, the CPU 21 
further divides the probability distribution of the rank A or C 
in which the number is estimated into a plurality of Zones, 
estimates the number of the products 10 belonging to the rank 
A or C after re-discriminating the rank A or C assuming that 
the probability distribution in each Zone follows the probabil 
ity distribution of the standard deviation GRR1 of the mea 
Surement value variation, and calculates the same as the esti 
mated number of the rank A or C (step S1011). Thereafter, 
steps S1012 through S1021 are carried out in the same man 
ner as steps S612 through S621 described with reference to 
FIG. 6. 
As described above, in the product discriminating device 

according to the second embodiment, the variables of the 
probability distribution of the deemed standard deviation TV 
are changed such that the number of the products 10 belong 
ing to the rank A or C in which the products 10 belonging to 
rank A or Care re-discriminated in the re-discriminating unit 
5 and the estimated number of the products 10 belonging to 
the rank A or C after the re-discrimination based on the 
probability distribution of the deemed standard deviation TV 
having the standard deviation PV of the characteristic value 
variation and the standard deviation GRR of the measurement 
value variation as variables Substantially match each other, 
and the changed variables are calculated as the standard 
deviation PV of the characteristic value variation and the 
standard deviation GRR of the measurement value variation, 
so that the standard deviation GRR of the measurement value 
variation can be calculated without performing the repeated 
measurement, which is required in the method of the mea 
Surement system analysis (MSA). 

In the product discriminating device according to the sec 
ond embodiment, the probability of mistakenly discriminat 
ing a non-defective article as a defective article can be 
reduced and the rate of the non-defective articles can be 
improved since the characteristic values of the products 10 
belonging to the rank A or C and discriminated as defective 
articles are re-measured and re-discriminated into a plurality 
of ranks based on the re-measured characteristic values. 

In the second embodiment, described is the case of dis 
criminating or re-discriminating the products 10 into the three 
ranks of the rank A, the rank B, and the rank C, but the Zone 
61C belonging to the rank A, the Zone 61E belonging to the 
rank C, or the like shown in FIG.8 may be assumed as one 
rank (Sub-rank), and the average value of the characteristic 
values, the deemed standard deviation TV, the standard devia 
tion PV of the characteristic value variation, and the standard 
deviation GRR of the measurement value variation described 
above can be similarly calculated from the number of the 
products 10 belonging to the range Smaller than or equal to the 
upper limit value and greater than or equal to the lower limit 
value of the sub-rank after the re-discrimination, the number 
of the products 10 belonging to the range Smaller than the 
lower limit value of the sub-rank, and the number of the 
products 10 belonging to the range greater than the upper 
limit value of the sub-rank. 
The product discriminating device according to the second 

embodiment is also not limited to the case where the rank 
estimated number calculation unit 6 divides the probability 
distribution of the standard deviation PV of the characteristic 
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value variation into a plurality of Zones, and estimates the 
number of the products 10 belonging to each rank and calcu 
lates the same as the estimated number of the products 10 
belonging to each rank, assuming that the probability distri 
bution in each Zone follows the standard deviation GRR of the 
measurement value variation, and the characteristic values of 
the products 10 based on the probability distribution of the 
deemed standard deviation TV having the standard deviation 
PV of the characteristic value variation and the standard 
deviation GRR of the measurement value variation as vari 
ables may be generated through the Monte Carlo method, and 
the number of the products 10 belonging to each rank may be 
estimated to calculate the estimated number. 

DESCRIPTION OF THE REFERENCE SYMBOLS 

1 measuring section 
2 calculation processing section 
3 discriminating unit 
4 deemed Standard deviation calculation unit 
5 re-discriminating unit 
6 rank estimated number calculation unit 
7 standard deviation calculation unit 
10 product 
21 CPU 
22 memory 
23 storage device 
24 I/O interface 
25 video interface 
26 portable disc drive 
27 measurement interface 
28 internal bus 
90 portable recording medium 
230 computer program 
241 keyboard 
242 mouse 
251 display device 
The invention claimed is: 
1. A product discriminating device comprising: 
a measuring section configured to measure characteristic 

values indicating predetermined characteristics of prod 
ucts; 

a discriminating unit configured to discriminate the prod 
ucts into a predetermined plurality of ranks based on the 
measured characteristic values; 

a deemed Standard deviation calculation unit that calcu 
lates a deemed Standard deviation, which includes: (i) a 
standard deviation of measurement value variation indi 
cating variation in measurement results of the measuring 
section, and (ii) a standard deviation of the variation in 
the characteristic values of the products; 

a re-discriminating unit configured to re-measure the char 
acteristic values of the products belonging to at least one 
of the predetermined plurality of ranks and re-discrimi 
nate the products into the predetermined plurality of 
ranks based on the re-measured characteristic values; 

a rank estimated number calculation unit that estimates the 
number of the products belonging to each of the prede 
termined plurality of ranks after the products have been 
re-discriminated at least once based on a probability 
distribution of the deemed standard deviation, and cal 
culates an estimated number of the products belonging 
to each of the predetermined plurality of ranks; and 

a standard deviation calculation unit that changes the vari 
ables of the deemed standard deviation, and, therefore, 
the probability distribution, as a function of the similar 
ity between the products belonging to at least one of the 
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plurality of ranks after the products have been re-dis 
criminated at least once and the estimated number of the 
products belonging to the predetermined plurality of 
ranks match each other. 

2. The product discriminating device according to claim 1, 
wherein 

the predetermined plurality of ranks are provided, as a 
reference, with a predetermined inspection standard 
which defines an upper limit value and a lower limit 
value of the characteristic values for determining 
whether or not each of the products is a non-defective 
article; 

the re-discriminating unit re-discriminates the products 
belonging to a rankin which the characteristic values are 
Smaller than or equal to the upper limit value and greater 
than or equal to the lower limit value of the predeter 
mined inspection standard; and 

the standard deviation calculation unit calculates the vari 
ables of the probability distribution, in which the num 
ber of the re-discriminated products belonging to a rank 
greater than the upper limit value of the predetermined 
inspection standard and a rank Smaller than the lower 
limit value of the predetermined inspection standard, 
and the estimated number of the products belonging to 
the ranks match each other, as the standard deviation of 
the characteristic value variation of the products and the 
standard deviation of the measurement value variation. 

3. The product discriminating device according to claim 1, 
wherein 

the predetermined plurality of ranks are provided, as a 
reference, with a predetermined inspection standard 
which defines an upper limit value and a lower limit 
value of the characteristic values for determining 
whether or not each of the products is a non-defective 
article; 

the re-discriminating unit re-discriminates the products 
belonging to a rankin which the characteristic values are 
greater than the upper limit value of the predetermined 
inspection standard and a rank in which the characteris 
tic values are smaller than the lower limit value of the 
predetermined inspection standard; and 

the standard deviation calculation unit calculates the vari 
ables of the probability distribution, in which the num 
ber of the re-discriminated products belonging to the 
rank greater than the upper limit value of the predeter 
mined inspection standard and the rank Smaller than the 
lower limit value of the predetermined inspection stan 
dard, and the estimated number of the products belong 
ing to the ranks Substantially match each other, as the 
standard deviation of the characteristic value variation 
of the products and the standard deviation of the mea 
Surement value variation. 

4. The product discriminating device according to claim 1, 
wherein the rank estimated number calculation unit is con 
figured to divide the probability distribution of the standard 
deviation of the characteristic value variation of the products 
into a plurality of Zones, and estimate the number of the 
products belonging to each of the ranks assuming that the 
probability distribution in each of the Zones follows the prob 
ability distribution of the standard deviation of the measure 
ment value variation. 

5. A product discriminating method comprising: 
measuring characteristic values indicating predetermined 

characteristics of products; 
discriminating the products into a predetermined plurality 

of ranks based on the measured characteristic values; 



US 9,061,322 B2 
23 

calculating a standard deviation of variation in the mea 
Sured characteristic values as a deemed Standard devia 
tion, which includes: (i) a standard deviation of mea 
Surement value variation as variables, and (ii) a standard 
deviation of the variation in the characteristic values of 5 
the products; 

re-measuring characteristic values of the products belong 
ing to at least one of the discriminated predetermined 
plurality of ranks and re-discriminating the products into 
the predetermined plurality of ranks based on the re 
measured characteristic values; 

estimating the number of the products belonging to each of 
the ranks when re-discriminated at least once based on a 
probability distribution of the deemed standard devia 
tion; 

calculating an estimated number of the products belonging 
to each of the ranks; and 

changing the variables of the deemed Standard deviation, 
and, therefore, the probability distribution, as a function 
of the similarity between the products belonging to at 
least one of the plurality of ranks after the products have 
been re-discriminated at least once and the estimated 
number of the products belonging to the rank match each 
other. 

6. The product discriminating method according to claim 
5, wherein 

the predetermined plurality of ranks are provided, as a 
reference, with a predetermined inspection standard 
which defines an upper limit value and a lower limit 
value of the characteristic values for determining 
whether or not each of the products is a non-defective 
article: 

the products belonging to a rankin which the characteristic 
values are smaller than or equal to the upper limit value 
and greater than or equal to the lower limit value of the 
predetermined inspection standard are re-discriminated; 
and 

the variables of the probability distribution, in which the 
number of the re-discriminated products belonging to a 
rank greater than the upper limit value of the predeter 
mined inspection standard and a rank Smaller than the 
lower limit value of the predetermined inspection stan 
dard, and the estimated number of the products belong 
ing to the ranks match each other, are calculated as the 
standard deviation of the characteristic value variation 
of the products and the standard deviation of the mea 
Surement value variation. 

7. The product discriminating device according to claim 5. 
wherein 

the predetermined plurality of ranks are provided, as a 
reference, with a predetermined inspection standard 
which defines an upper limit value and a lower limit 
value of the characteristic values for determining 
whether or not each of the products is a non-defective 
article; 

the products belonging to a rankin which the characteristic 
values are greater than the upper limit value of the pre 
determined inspection standard and a rank in which the 
characteristic values are smaller than the lower limit 
value of the predetermined inspection standard are re 
discriminated; and 

the variables of the probability distribution, in which the 
number of the re-discriminated products belonging to 
the rank greater than the upper limit value of the prede 
termined inspection standard and the rank Smaller than 
the lower limit value of the predetermined inspection 
standard, and the estimated number of the products 
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belonging to the ranks Substantially match each other, 
are calculated as the standard deviation of the character 
istic value variation of the products and the standard 
deviation of the measurement value variation. 

8. The product discriminating method according to claim 
5, wherein the probability distribution of the standard devia 
tion of the characteristic value variation of the products is 
divided into a plurality of Zones, and the number of the prod 
ucts belonging to each of the ranks is estimated assuming that 
the probability distribution in each of the Zones follows the 
probability distribution of the standard deviation of the mea 
Surement value variation. 

9. A non-transitory computer-readable medium executable 
in a product discriminating device for discriminating prod 
ucts; the computer-readable medium causing the product dis 
criminating device to: 

measure characteristic values indicating predetermined 
characteristics of products; 

discriminate the products into a predetermined plurality of 
ranks based on the measured characteristic values; 

calculate a standard deviation of variation in the measured 
characteristic values as a deemed Standard deviation, 
which includes: (i) a standard deviation of measurement 
value variation as variables, and (ii) a standard deviation 
of the variation in the characteristic values of the prod 
ucts; 

re-measure characteristic values of the products belonging 
to at least one of the discriminated predetermined plu 
rality of ranks and re-discriminate the products into the 
predetermined plurality of ranks based on the re-mea 
Sured characteristic values; 

estimate the number of the products belonging to each of 
the ranks when re-discriminated at least once based on a 
probability distribution of the deemed standard devia 
tion; 

calculate an estimated number of the products belonging to 
each of the ranks; and 

change the variables of the deemed Standard deviation, 
and, therefore, the probability distribution, as a function 
of the similarity between the products belonging to at 
least one of the plurality of ranks after the products have 
been re-discriminated at least once and the estimated 
number of the products belonging to the rank match 
eatch other. 

10. The non-transitory computer-readable medium accord 
ing to claim 9, wherein 

the predetermined plurality of ranks are provided, as a 
reference, with a predetermined inspection standard 
which defines an upper limit value and a lower limit 
value of the characteristic values for determining 
whether or not each of the products is a non-defective 
article; and the computer-readable medium further 
causes the product discriminating device to: 

re-discriminate the products belonging to a rank in which 
the characteristic values are Smaller than or equal to the 
upper limit value and greater than or equal to the lower 
limit value of the predetermined inspection standard, 
and 

calculate the variables of the probability distribution, in 
which the number of the re-discriminated products 
belonging to a rank greater than the upper limit value of 
the predetermined inspection standard and a rank 
smaller than the lower limit value of the predetermined 
inspection standard, and the estimated number of the 
products belonging to the ranks match each other, as the 
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standard deviation of the characteristic value variation 
of the products and the standard deviation of the mea 
Surement value variation. 

11. The non-transitory computer-readable medium accord 
ing to claim 9, wherein 

the predetermined plurality of ranks are provided, as a 
reference, with a predetermined inspection standard 
which defines an upper limit value and a lower limit 
value of the characteristic values for determining 
whether or not each of the products is a non-defective 
article; and the computer-readable medium further 
causes the product discriminating device to: 

re-discriminate the products belonging to a rank in which 
the characteristic values are greater than the upper limit 
value of the predetermined inspection standard and a 
rank in which the characteristic values are Smaller than 
the lower limit value of the predetermined inspection 
standard, and 

calculate the variables of the probability distribution, in 
which the number of the re-discriminated products 
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belonging to the rank greater than the upper limit value 
of the predetermined inspection standard and the rank 
smaller than the lower limit value of the predetermined 
inspection standard, and the estimated number of the 
products belonging to the ranks Substantially match each 
other, as the standard deviation of the characteristic 
value variation of the products and the standard devia 
tion of the measurement value variation. 

12. The non-transitory computer-readable medium accord 
ing to claim 9, wherein the computer-readable medium fur 
ther causes the product discriminating device to divide the 
probability distribution of the standard deviation of the char 
acteristic value variation of the products into a plurality of 
Zones, and estimate the number of the products belonging to 
each of the ranks assuming that the probability distribution in 
each of the Zones follows the probability distribution of the 
standard deviation of the measurement value variation. 
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